| INTRODUCTION
Lung cancer is the most common cancer and the leading cause of death in the world. 1 The global mortality of lung cancer will grow up to 3 million in 2035. 2 Non-small cell lung cancer (NSCLC) is the major subtype of lung cancer, accounting for 85% of lung cancer. 3 The current diagnosis of lung cancer is done by a combination of symptoms, signs, laboratory tests, 4 and auxiliary imaging. [5] [6] [7] Although cytological diagnosis could provide physician a clear view for the diagnosis of lung cancer, it also missed up to half of the lung cancer. 8 As the golden standard method, biopsy by bronchoscope, mediastinoscopy, or thoracentesis was unsuitable in the screening for early NSCLC. 9 Most lung cancer patients were diagnosed at the advanced stage, 10 and thus, the 5-year overall survival remains poor.
1 Non-small cell lung cancer is a complex disease affected by the interactions from genetic, epigenetic, and environmental factors. 11 As the most studied epigenetic modification, DNA methylation is a promising tool for the early detection of lung cancer. 12, 13 The mutL homolog 1 (MLH1) is one of the main members of mismatch repair (MMR) gene family. 14 The loss of MMR function was reported to be correlated with carcinogenesis. 15 Previous studies demonstrated that aberrant DNA methylation might increase the expression of oncogenes and silence the expression of tumor suppressor genes during tumorigenesis.
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Recently, several studies reported aberrant MLH1 promoter hypermethylation in NSCLC patients. [16] [17] [18] [19] However, using MLH1 methylation in the diagnosis for NSCLC was still debatable. In the present study, we obtained 111 NSCLC to determine whether MLH1
promoter methylation played a role in NSCLC in Han Chinese. Data mining studies were also performed to elaborate the findings in our study. 
| METHODS AND MATERIALS

| Tissue samples
| DNA extraction and bisulfite conversion
Genomic DNA was isolated from FFPE tissues using the E.Z.N.A.TM FFPE Tissue Kit (Omega Bio-Tek, Norcross, GA, USA). DNA concentrations were tested by Nanodrop2000 spectrophotometer (Thermal Scientific Co. Ltd., Wilmington, DE, USA). Bisulfite treatment was conducted subsequently to convert unmethylated cytosine to uracil, while the methylated one remained as cytosine. EZ DNA MethylationGold Kit™ (Zymo Research, Orange, CA, USA) was applied to achieve this procedure.
| Methylation-specific polymerase chain reaction (MSP)
The details of MSP were as described previously. 20 The primer sequences were as follows: MLH1 methylated alleles, 5′-AACGAATT AATAGGAAGAGCGGATAGCG-3′ (forward) and 5′-CGTCCCTCCC TAAAACGACTACCC-3′ (reverse); MLH1 unmethylated alleles, 5′-TAAAAATGAATTAATAGGAAGAGTGGATAGTG-3′ (forward) and 5′-AATCTCTTCATCCCTCCCTAAAACA-3′ (reverse). PCR conditions for both methylated (M) and unmethylated (U) primer pairs comprised initial denaturation at 95°C for 10 minutes, followed by 37 cycles of 30 seconds denaturation at 95°C, 45 seconds annealing at 55°C and 30 seconds extension at 72°C. Then, the products were stored at 4°C.
PCR products were subject to gel electrophoresis through 2.0% agarose gel stained with ethidium bromide, and then being visualized with UV illumination using a digital imaging system (Bio-Rad, Hercules, CA, USA). gov/geo, accession no. GSE32496).
| Data mining study
| Statistical analysis
Statistical analysis was conducted with the PASW statistics 18.0 software (SPSS, Inc., Somers, NY, USA). Chi-square test was used to detect the methylation differences between tumor tissues and nontumor tissues. The diagnostic value of MLH1 methylation for NSCLC was evaluated by the receiver operating characteristics (ROC) test.
Spearman rank test was used to calculate the correlation between MLH1 methylation and gene expression. Differences were considered statistically significant if P values were <.05.
| RESULTS
In the current study, we recruited 111 NSCLC patients ( 
| DISCUSSION
A number of studies found a handful of genes with aberrant DNA methylation in lung cancers, [21] [22] [23] implying a potential role of DNA methylation in the prediction for lung cancer. MLH1 is a tumor suppressor gene involved in DNA mismatch repair, which could correct the DNA replication. 24 Therefore, genetic and epigenetic alterations even induce the carcinogenesis. 25 Previous studies on MLH1 methylation were mainly involved in endometrial cancer, 26 colorectal carcinomas, 27 as well as gastric cancer. 28 As for the disease of respiratory system, the deregulation of MLH1-associated pathways through promoter hypermethylation was found to be linked to increased cancer cell migration and tumor invasiveness in laryngeal SCC. 29 Additionally, a previous animal experiment demonstrated that DNA mismatch repair deficiency accelerated the development of lung neoplasm in mice. 30 In the present study, we explored the relationship between MLH1 methylation and NSCLC in a Chinese cohort in attempt to evaluate it as a diagnostic biomarker for NSCLC.
Our study showed a significant difference of MLH1 methylation be- clinical data showed that MLH1 methylation was related to SCC risk but not AC risk. Notably, the NSCLC patients in TCGA database were from all over the world. Thus, we speculated that racial disparities may play a role in the mixed results of DNA methylation in NSCLC subtype.
Subsequently, more experiments would be repeated in different ethnic groups to define the application range of our biomarker.
Tumor suppressor genes (TSG) methylation in the CpG island has an effect on gene expression silencing. 40 The mRNA expression data showed that MLH1 mRNA expression was inversely correlated with MLH1 methylation. Meanwhile, GEO data showed that demethylation with 5AZA treatment caused a trend of increased MLH1 expression in lung cancer cell lines. Wang et al 41 found that MLH1 promoter methylation was inversely related to mRNA expression and protein expression in Taiwan population. Also, a meta-analysis found that the decreased protein expression was correlated with MLH1 promoter hypermethylation. 42 However, MLH1 methylation did not correlate with MLH1 expression in Portugal population, 18 Poland population, 31 and Australia population. 16 Hence, population-based differences might exist for the effect of MLH1 methylation on MLH1 expression. Further studies in different populations should be performed to verify the findings. In addition, the methylation evaluation of MLH1 was based on one region in most studies, which might not stand for the whole gene. According to our analysis of public database (http://mexpress.be/), MLH1 expression was not always inversely correlated with the methylation levels of all the CpG loci at MLH1, especially in lung AC (Table S1 ). Thus, the diversity in the studied region of MLH1 gene and the heterogeneity in histological type might also explain the discrepancy between MLH1 methylation and gene expression among different studies. Besides DNA methylation, other factor (miR-31-5p) could inhibit directly MLH1 expression in NSCLC cell lines. 43 Thus, the complete mechanism of MLH1 in NSCLC should be further explored in the future.
There were some limitations in the current study. Due to the insufficient concentration of mRNA and limited tissue samples, we were unable to carry out the correlation analysis of MLH1 expression with MLH1 methylation in our patients. Secondly, there was only one positive gene found in the present study, and more candidate genes should be detected and verified in future. Thirdly, limited CpG sites in a certain region of MLH1 were routinely selected to assess the methylation level which could not represent the methylation level of the whole gene, and it might be the cause of the nonconformity between MLH1 methylation and MLH1 expression. Finally, further studies should be performed by quantitative MSP, as MSP is a qualitative approach with a low sensitivity in methylation detection.
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In conclusion, the MSP method for MLH1 methylation was a sensitive but not a specific diagnostic method for NSCLC. And further studies should be performed to find more promising diagnostic biomarkers for NSCLC.
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